Various strains originally designated as members of the genera Micrococcus, Sarcina, and Staphylococcus were able to transform adenine, histidine, and tryptophan auxotrophs of Micrococcus lysodeikticus to prototrophy at relatively high frequencies. 
INTRODUCTION
The taxonomic status of the ' species ' Micrococcus lysodeikticus, isolated by Fleming (1922) , has been under investigation for a number of years. One significant step toward classification was made when Evans, Bradford & Niven (1955) proposed including this organism in the genus Micrococcus and separating it from the staphylococci on the basis of its relation to oxygen (obligate aerobe) in a standardized complex medium containing glucose. As a result of numerous physiological and biochemical studies, Kocur & Martinec (1962 , 1963 and Rosypal & Kocur (1963) (Kocur & Martinec, 1962; 1963 1 ade = Adenine requirement (growth stimulated by adenine, adenosine, inosine, or hypoxanthine) ; ade+ = adenine-independent mutant, notation followed by arabic numeral to indicate order of isolation, e.g. ade+-1 ; trpE 16 = L-tryptophan requirement (growth stimulated by anthranilic acid, indole, or L-tryptophan); hisD 61 = L-histidine requirement (growth stimulated by L-histidine but not by L-histidinol) ; -= no detectable growth (colonies) on defined agar, phenotype unclassified; (-) = no detectable growth on defined agar, but genotype is believed to be ape+ trpE+ hisD+ based on transformation data; (+) = no detectable growth on defined agar of Kloos & Schultes (1969) , but prototrophic phenotype classified on defined agar for staphylococci of Kloos & Pattee (1965) ;
6 Data represent the average of two separate DNA preparations. Two crosses were made from each preparation and each cross plated on duplicate plates. Recipient controls without DNA produced < I prototroph/Io6 colony-forming units. Schultes, 1969) have shown that Sarcina lutea strain A T C C~~ was able to transform adenine auxotrophs of certain M . lysodeikticus strains to prototrophy, providing evidence of close genetic relationship. Extending transformation studies between M . lysodeikticus and other members of the family Micrococcaceae would offer the possibility of examining genetic exchange among these organisms and would broaden our understanding of a genetic definition of Micrococcus species, i. e. those micrococci that can potentially contribute to, or share in, a common gene pool (Marmur, Falkow & Mandel, 1963) . In this investigation, various Micrococcaceae have been tested for transforming activity of nutritional markers in crosses with the high transformation frequency M. lysodeikticus strain ISU (Kloos, I 969 ; Kloos & Schultes, I 969). In addition, preliminary studies on transformation of pigment markers is reported.
METHODS
Bacterial strains. Donor strains selected for this study were originally designated as members of the genera Micrococcus, Sarcina and Staphylococcus and were, in particular, those sensitive to either lysozyme or lysostaphin (Table I) .
Cultures received by this laboratory were checked for purity and to some extent proper identification by (I) colony morphology and pigment production on a complex agar medium (P agar) (Naylor & Burgi, 1956 ) incubated at 26 and 34" and (2) microscopic examination of Gram-stained cells. Each strain was also tested for prototrophy, with respect to adenine, L-tryptophan, and L-histidine, by examining colony formation on a defined agar medium (Kloos & Schultes, 1969) incubated at 26 and 34". Strains which failed to produce detectable colonies or colonies of less than 0.1 mm. diameter by 8 days were fuIzther tested for adenine, L-tryptophan, and/or L-histidine auxotrophy on defined agar media supplemented with each metabolite (20pg./ml.) singly or in combinations. Spontaneous adenine-independent mutants were isolated from certain adeninedependent strains and used as donors. Several different pigment mutants of Micrococcus Zysodeikticus strain ISU and Sarcina lutea strain ATCC 272 were obtained by treatment of yellow strains with N-methyl-N'-nitro-N-nitrosoguanidine (NTG) (300 pg./ml.) (Adelberg, Mandel & Chen, 1965) and were also used as donors (Table 2) .
Recipient strains included the adenine-dependent Micrococcus lysodeikticus strain ISU and a tryptophan and histidine auxotroph derived from a spontaneous adenineindependent mutant (ade+-I) of this strain by treatment with NTG (Table I) stimulation studies and chromatographic analysis of de-repressed culture supernatants (Kloos & Pattee, 1965; Rose & Kloos, 1969) .
Procedure for DNA isolation. Staphylococcus aureus and St. epidermidis strains were grown in tryptic soy broth (Difco) at 37" for 18 hr. All other donor strains were grown in a glucosefyeast extract broth (Rosypalova, Bohacek & Rosypal, 1966) at 30" for 18 to 24 hr. Cultures were shaken during incubation with a Burrell WristAction Shaker (Burrell Corporation, Pittsburgh, Pennsylvania) at a setting of two giving 324 shakes/min. through an arc of 3". The yield in IOO ml. of broth was about I to 3 g. wet packed cells. After growth, cells were harvested by centrifugation and washed twice with a NaC1-EDTA solution : 0-I 5 M-NaCI + 0-I OM-ethylenediarnine-tetraacetic acid (EDTA), pH 8.0. DNA was isolated by the procedure of Marmur (1961) with the modification of Saito & Miura (1963) using T I ribonuclease (RNase) (Sankyo Company, Ltd., Tokyo, Japan) as well as bovine pancreatic RNase (Calbiochem, Los Angeles, California). The duration of lysozyme (Calbiochem) treatment varied from I hr to as long as 12 hr for more resistant strains. Lysostaphin (kindly supplied by Dr W. A. Zygmunt, Mead Johnson Research Centre, Evansville, Indiana) was used in place of lysozyme to lyse St. aureus strains. The final DNA fibres were sterilized in 75% ethanol for 2 hr and then dispersed into a 3% dilution of sterile standard saline solution (SS : 0.1 M-NaCI, pH 7.0) which was adjusted to SS as soon as dispersion was completed. DNA preparations were used within 2 days of isolation and were stored at 4". DNA concentration was determined by the diphenylamine reaction of Dische Procedurefor transformatiort. An 18 hr P agar slope culture of the recipient strain was suspended in I ml. saline and diluted I/IOO in saline. Aliquots of 0.1 ml. (about 5 x 106 colony-forming units) from the diluted suspension were added to duplicate tubes containing I ml. defined broth (Kloos, 1969) supplemented with 10 ,ug./ml. adenine (strain ISU ade), 10 pg./ml. L-histidine (strain ISU adef-1 hisD 61), or 15 pg./ml. L-tryptophan (strain ISU adef-1 trpE 16). Mixtures were shaken in a 34" water bath with a Burrell Wrist-Action Shaker at a setting of four giving 324 shakes/min. through an arc of 6" for 12 hr (strain ISU ade+-1 hisD 61) or 24 hr (strains ISU ade and ISU ade+-I trpE 16). After growth, cocci (about 1-3 x 108 colony-forming units/ml.) were centrifuged and resuspended in I ml. transformation buffer : 0.05 M-tris (hydroxymethyl) aminomethane (tris) + 0.01 M-SrCl, + 0.5 yo monosodium glutamate, pH 7.0.
DNA (10 pg. in 0.03 to 0.8 ml. SS) was added to each tube and the mixtures shaken in a 30" water bath at a setting of four for I hr. Exposure to DNA was terminated by the addition of deoxyribonuclease ( 5 pg./ml.) (Worthington Biochemical Corporation, Freehold, New Jersey) and o.oo~M-M~SO, with incubation at 37" for 15 min. After treatment, cocci were centrifuged and resuspended in I ml. saline. Samples of 0.1 ml. were taken from the saline suspension, a 10-1 and I O -~ dilution in saline and spread on duplicate defined agar plates. Prototrophs were scored after incubation at 34" for 72 hr. Additional plates were prepared and incubated at 26" for 72 hr in crosses where the donor strain had a more optimum growth at 26" than at 34". Plates failing to show significant numbers of prototrophic transformants were incubated for an additional 5 days. In crosses where pigment mutants were used as donors, pigment-prototrophs (double transformants) were scored after incubation for 6 days to allow for pronounced pigment production.
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RESULTS
Nutritional characterization of donor strains.
Many of the donor strains tested were able to produce relatively large colonies (0.5 to 2.0 mm. diam. in 96 hr) on the defined agar medium used in transformation experiments (Table I) . These were considered prototrophic with respect to adenine, L-histidine, and L-tryptophan as these nutrients were omitted from the medium.
Some of the strains tested proved to be adenine auxotrophs and were markedly stimulated by either adenine, adenosine, inosine, or hypoxanthine. For example, auxotrophs that showed no detectable growth or colonies less than 0-1 mm. diam. (leaky strains) on defined agar media produced colonies of 0.5 to 1.6 mm. diam. in 96 hr on defined agar media supplemented with 20pg. of adenosine per ml. Adenine auxotrophy has been reported previously in strains of Micrococcus lysodeikticus (Grula, Luk & Chu, 1961; Kloos & Schultes, 1969) ; however, it was interesting to note that other strains having different species designations were also auxotrophic. Cultures of M. luteus strains CCM 105, ccM408, CCM 1672 and M.Javocyaneus strain CCM 85 I were received containing both adenine-independent and adenine-dependent cells in ratios (Ade+/Ade) of 1/9, I / I 16, 1/1890 and 1/36, respectively.
Transformation of nutritional markers. DNA isolated from certain strains of Micrococcus Javocyaneus, M. Jlavus, M . luteus, M. lysodeikticus, M. sodonensis, Sarcina Java, S. lutea, S. subJava, Staphylococcus afermentans and St. Jlavocyaneus was able to transform auxotrophs of M . lysodeikticus to prototrophy ( Table I) . In all instances, the above strains transformed M. lysodeikticus strain ISU at near or equal to homologous, intra-strain frequencies. Variation between DNA preparations from the same strain generally did not exceed 60% of the mean value.
Adenine-dependent donor strains produced low but significant frequencies of prototrophic transformants when crossed with adenine-dependent Micrococcus lysodeikticus strain ISU. These results would suggest that adenine auxotrophy, in these strains, was the effect of mutation at sites different from the one present in the recipient strain. The very low transformation values obtained may be evidence of mutation in the same adenine locus, though consideration of mutation in different adjacent or closely linked loci, at this point, cannot be excluded. Studies are being pursued to determine the specific enzyme(s) affected in these auxotrophs.
Double transformation of pigment and nutritional markers. It would be of interest to extend genetic studies and test transformation of additional markers with those strains capable of transforming Micrococcus lysodeikticus to prototrophy. One class of mutants that can be identified readily and are produced in high frequencies is pigment mutants. For example, treatment of M. lysodeikticus strain ISU (ade+-I) with NTG, to obtain auxotrophs used as recipients in this study, resulted in the production of about 2 yo pigment mutant, sectored colonies. These included various intensities of yellow, white, pink, orange, chartreuse (similar to the colour of Sarcina lutea strain A T C C~~) , and a water-soluble yellow class which dispersed yellow pigment in the surrounding culture medium. Several of these mutants were selected and used as donors in crosses with yellow auxotrophic strains ( Table 2) . Pigment transformants were scored selectively as double transfromants with prototrophy. In this preliminary study, pigment mutants of S. htea strain ~~c c 2 7 2 were isolated and used as donors with recipients of M. lysodeikticus. The range of different colours produced by treat-ment with NTG was similar to that found with M. lysodeikticus. As shown in Table 2 , all mutants tested were able to transform yellow auxotrophs of M. lysodeikticus strain ISU to the donor colour. The fraction of double pigment-prototroph transformants/ single prototroph transformants for each recipient auxotroph was similar and was approximately I /360. Additional studies were conducted which showed an increase in the fraction of double transformants/single transformants as the DNA concentration was increased up to saturation levels (Kloos, I 969) . Collectively, these results would suggest that the pigment markers are not linked to DNA fragments containing the adenine (ade), histidine (hisD), and/or tryptophan (trpE) loci. DISCUSSION Genetic exchange has been shown to be useful in measuring homology between various bacteria and is usually parallel to the results obtained with nucleic acid hybridization (Dubnau, Smith, Morel1 & Marmur, 1965 ; Marmur et al. 1963) . The demonstration of genetic exchange between Micrococcus lysodeikticus and certain strains designated as species of the genera Micrococcus, Sarcina, and Staphylococcus implies close genetic relationships among these organisms.
Transformation with such a large array of strains bearing different species and generic designations seems, at first glance, to be most unusual. In particular, nutritional markers are usually transformed only among very closely related organisms (Dubnau et al. 1965) . These results, however, are in close agreement with the suggestions of others based on other criteria, classifying these strains as members of a single species, Micrococcus luteus. All strains participating in genetic exchange had very similar GC ratios, S values, and occurred in Micrococcus subgroup-Ia of the classification of Rosypal et at. (1966) .
Sarcina aurantiaca and Micrococcus luteus strain ATCC 398, previously considered by Kocur & Martinec (1962) to be M. luteus strains, failed to produce prototrophic transformants when crossed with M. lysodeikticus. These strains had distinctly lower GC ratios and, according to the above classification, were placed in subgroups 2 c and 3 b, respectively. Micrococcus luteus strain ATCC 398 also has a different menaquinone pattern than that shown for strains in subgroup I a (Jeffries et al. 1968) . It should be noted that these strains failed to grow on the defined medium used in transformation experiments and, therefore, any interpretation of negative results should be taken with some caution. Prototrophy with respect to adenine, L-tryptophan, and L-histidine is uncertain in these strains. Bohacek, Kocur & Martinec, 1967; Jeffries et al, 1968; Rosypal et al. 1966) . Transformation was not expected by strains of Staphylococcus aureus or St. epidermidis either, as members of the genus Staphylococcus as recommended by Evans et al. (1955) are facultative anaerobes and differ in numerous characteristics, including a very low GC ratio (32 to 35%) (Auletta & Kennedy, 1966; Baird-Parker, 1965 
